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The purpose of our autopsy study was to examine the clinical

characteristics and the pathological patterns in the hearts of 20ABSTRACT: Arrhythmogenic right ventricular dysplasia/
people who died suddenly of ARVC. In view of our findings andcardiomyopathy (ARVC) is characterized histologically by massive

infiltration of the right ventricular wall by fat tissue, with surviving the literature, we discussed the possible causes and pathogenesis
strands of cardiomyocytes bordered by or embedded in fibrosis. of ARVC, as well as the mechanisms by which sudden death occurs
ARVC has been recognized as a cause of sudden death, especially in this disease.in the young.

The purpose of our autopsy study was to examine the clinical
characteristics and the pathological patterns in the hearts of 20 peo- Methods
ple who died suddenly of ARVC. In view of our findings and the
literature, we discussed the possible causes and pathogenesis of

DefinitionsARVC, as well as the mechanisms by which sudden death occurs
in this disease.

Sudden Death—In the present study, sudden death has beenDuring the 7-year study period, 20 hearts from 9 men and 11
women fulfilled the criteria for ARVC. The mean age was 41 years defined as a natural, unexpected death occurring within one hour
(range, 17 to 80). The disease was unknown prior to death in all after the onset of symptoms (1,21). Included in the study were
cases. Fourteen persons died at rest, and six on effort. In 9 of the only those cases in which the death was witnessed or there was20 cases, the trigger of sudden death was an acute emotional stress,

sufficient circumstantial evidence of sudden death. Thus, the activ-sometimes associated with a moderate physical activity. The mean
ity in which the decedent was engaged when he died, the positionheart weight was 380 g (range, 280 to 520). Both ventricles were

involved in 40% of the cases. Inflammatory infiltrates consisting or posture of the body, and the possible contusions received by
of lymphocytes were present in 60% of the cases, but myocyte the body on falling unconscious were investigated in order to deter-
necrosis was found in only one case.

mine whether the death had been sudden.ARVC is more likely to result from a degenerative process than
a congenital disorder. Genetic factors, viral or autoimmune inflam-
mation or both, and apoptosis are also involved in the degenerative Arrhythmogenic Right Ventricular Cardiomyopathy—The path-disorder.

ological diagnosis of ARVC was assessed in the presence of gross
or histologic evidence or both of regional or diffuse transmuralKEYWORDS: forensic sciences, sudden death, right ventricular
fibrofatty infiltration of the right ventricular free wall reaching thedysplasia; forensic pathology, autopsy
endocardium in the absence of valve, coronary, and pericardial
disease (1). The regions of the right ventricle most frequently

Arrhythmogenic right ventricular cardiomyopathy (ARVC), involved are the right ventricular inflow, apex, and infundibulum,
also known as arrhythmogenic right ventricular dysplasia, is a heart known as the triangle of dysplasia. On the basis of this definition,
muscle disease characterized by fibrofatty infiltration of the right some authors distinguished two different patterns (1). In the fibro-
ventricle (1–11). The etiology and natural history of this condition fatty variety, myocardial loss is replaced by both fibrous and fatty
are still unclear (1,12–20). ARVC is now well recognized as a tissue, whereas in the fatty variety myocardial loss is replaced
cause of sudden death. The victims are mostly young people, and exclusively by fatty tissue with or without tiny interstitial fibrosis
sudden death is often the first manifestation of the disease (1). However, not all authors are in agreement with this definition
(1–3,8,9,11,21). Therefore, such an unexpected death occurring in (9,15). Like these authors we consider that the presence of fibrous
a young, otherwise healthy, person is likely to be viewed by the tissue is necessary for the diagnosis of ARVC. Cases in which

fatty tissue is limited to the subepicardium or only infiltrate the
outer third of the myocardium should be excluded. Figures 1 and1 Institute of Forensic Medicine of Paris and Department of Forensic

Sciences, College of Medicine Cochin Port-Royal, University of Paris, 2 show normal ventricular wall and typical pattem of ARVC,
Paris, France. respectively. Figure 3 shows gross massive transmural infiltration

* Presented at the 49th Annual Meeting, American Academy of Forensic of the right ventricular wall, but histologically, strands of cardio-Sciences, New York, NY, February 1997.
myocytes were found in fat tissue without fibrosis. Such a caseReceived 30 July 1997; and in revised form 3 Dec. 1997; accepted 3

Dec. 1997. was excluded from our study.
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FIG. 1—Gross view of a heart specimen showing normal pattern of the right ventricular free wall. The fat tissue is limited to the subepicardium and
slightly infiltrates the myocardium (arrow).

Study Population accident. Two women, aged 56 and 33, died in the hospital during
X-ray examination. A 27-year-old woman dropped dead during a

In the present series all victims of sudden death fulfilling the witnessed argument on the phone. Two deaths occurred in rest-
above-defined pathological criteria for ARVC, and autopsied rooms, one death in a railway station. The five remaining victims
between 1990 and 1996 have been included. were found in their home. One died during sleep, 2 were watching

television, 2 died during breakfast. In 9 out of 20 cases the trigger
Pathological Study of sudden death was an acute emotional stress.

The mean heart weight was 380 g (range, 280 to 520), 360 g
Complete autopsies and histologic examination of all organs in males (range, 320 to 520) and 315 g in females (range, 280 to

were systematically performed. Toxicological analyses were per- 410). Sixteen hearts of the 20 were normal in weight. Right ventric-
formed when a toxic death could not be ruled out on the basis of ular thickness (including fat and muscle) was considered normal
the autopsy findings and the circumstances of death. The hearts in all cases. The right ventricular cavity was enlarged in one case
were weighed fresh without removing the epicardial adipose tissue. involving also the left ventricle. Fatty infiltration involved the outer
They were thoroughly examined for coronary artery and valve half of the right ventricular free wall in 27% of the cases, the two
diseases. Then, at least 7 specimens were taken from the myocar- outer third in 28%, and was transmural in 45% of the cases. Even
dium. Histologic sections were stained with hematoxylin and eosin, in the diffuse pattern residual myocytes were scattered within the
and Masson’s trichrome for collagen network. fibrofatty tissue. The subendocardial muscular trabeculae appeared

to be mostly spared. The left ventricle was involved in 40% of
Results the cases. Inflammatory infiltrates consisting of lymphocytes were

present in 60% of the cases, but myocyte necrosis was found inDuring the 7-year study period, 20 hearts from 9 men and 11
only one case (Fig. 4).women fulfilled the criteria for ARVC. The mean age of these 20

subjects was 41 years. The 9 men ranged in age from 17 to 42, Discussion
mean age 34 years, and the 11 women from 24 to 80 years, mean
age 48.5 years. Arrhythmogenic right ventricular dysplasia was the name given

in 1977 to a new form of cardiomyopathy that showed fatty infiltra-A heart disease had been previously diagnosed in one man aged
24 and in a woman aged 70, but the cause of the diseases had not tion of the right ventricle (22). Originally, this disease, considered

to be due to an abnormality in the development of the right ventric-been determined. The father of a female victim aged 27 died of a
heart disease of unknown origin. ular musculature, was classified as a variant of Uhl’s anomaly (23).

In 1952 Uhl described a congenital malformation of the heart inThe mode of death was sudden in all cases. No person was
reported to have experienced symptoms at the onset of death. Four- which the right ventricle was paper thin and in some places totally

devoid of muscle fibers, an appearance similar to the parchmentteen persons died at rest, and six on effort. Three men, aged 17,
21, and 25, died during a sporting activity (basketball, football, heart reported by Osler (24). Although the etiology and natural

history of ARVC remain obscure, Uhl’s anomaly and ARVC areand gymnastic exercises); one of them died during the recovery
phase after the football training session. Two women, aged 60 and now considered two separate clinical entities because of their dif-

ferent clinical and pathological patterns (1,4,5,13). Firstly, ARVC80 died during muggings. Two men, aged 24 and 28, and one
26-year-old woman died during sexual intercourse under stressful appears in adolescence or young adulthood, not at birth or in the

infancy (1). In this regard, the acquired nature of the disease isconditions. A 36-year-old male victim was hit by a car but was
only slightly injured. He collapsed in the hospital shortly after the also corroborated by the wide age range of the victims found in
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FIG. 2—Panel A: Cross section of a heart specimen with ARVC from a 17-year-old man who died during a basketball match. Both ventricles are
involved. Panel B: Corresponding panoramic histological view of the right ventricular free wall showing transmural fibrofatty replacement. Original
magnification: 22.5; Stain: Masson’s trichrome. Panel C: Corresponding panoramic histological view of the septal wall showing mediomural fibrofatty
infiltration. Original magnification: 22.5; Stain: Masson’s trichrome.



780 JOURNAL OF FORENSIC SCIENCES

FIG. 3—Panel A: Cross section of a heart specimen with important fatty infiltration, in a 96-year-old woman who died of carbon monoxide intoxication
in a fire. Panel B: Strands of cardiomyocytes are embedded in adipose tissue, but there was no fibrosis. Original magnification: 2100; stain: Masson’s
trichrome.
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ARVC might represent a programmed death known as apoptosis
(1,15,26).

Regarding pathological patterns of ARVC, the relatively high
prevalence of left ventricular involvement found in our series as
well as in others suggest that this disease should no longer be
considered as limited to the right ventricle (1,27–31). However,
in contrast to other dilated cardiomyopathies, ARVC is rarely a
cause of cardiac failure but much more frequently responsible for
sudden death (1,31,32).

Previous studies on ARVC have often focused on sudden death
among young people and competitive athletes and have found a
physical strenuous activity to be a major trigger of sudden death
in ARVC (1). Our data based on medicolegal cases show that not
only a physical stress may be involved, but also an acute psycho-
logical stress. We found an acute emotional stress to be more fre-
quently involved than a physical stress as a trigger of sudden death.
This finding is probably partly due to the specificity of the medico-
legal population. During both physical and emotional stress, the
electric instability leading to the onset of the lethal arrhythmia
could be modulated by the influence of the autonomic nervous
system and the release of catecholamines.

Atrioventricular conduction disturbances are rarely a cause of
sudden death in patients with ARVC (33). Atrioventricular conduc-
tion disturbance is a well-recognized cause of sudden death in
elderly patients, but is rare in young patients who do not have
congenital heart block. However, during strenuous exercise the
increase in venous return could dilate the right atrium and ventricle
and stretch the atrioventricular conduction system, in which the
His bundle is the most fragile structure (33). Mechanical stretch of

FIG. 4—Histologic view of the right ventricle showing fibrofatty infil- the His bundle or the bundle branches could lead to atrioventricular
tration and inflammatory infiltrates. Original magnification: 2100; stain: block and could also lead to other arrhythmias. However, it is
hematoxylin-eosin-saffron.

unlikely that atrioventricular block is responsible for sudden death
in most cases. Ventricular arrhythmia, including ventricular tachy-
cardia would seem to be a more frequent cause of death in those

our series as well as in others (1,24). Secondly, in ARVC the free
patients. It has been suggested that strands of surviving fibers form

wall of the right ventricle is not parchmentlike as it is in Uhl’s
an arrhythmogenic substrate in ARVC, and provide the appropriateanomaly, and the distance between the epicardium and the endocar-
conditions necessary to establish a re-entrant pathway (33,34).dium is normal or slightly decreased (1). Finally, there is histologic
Another mechanism of ARVC could be related to the stretch ofevidence of progressive loss of right ventricular myocardium, with
fibers during exercise (33). Because of the increase in venousfoci of inflammation, degeneration and necrosis (1). For these rea-
return, enlargement of the right ventricular myocardium as a resultsons, the term arrhythmogenic right ventricular cardiomyopathy is
of physical stress might be a mechanism of sudden death in stren-better than arrhythmogenic right ventricular dysplasia, which
uous physical activities, such as a sporting activity. Of note, suddenmeans developmental malformation.
death occurs sometimes during the recovery phase after effort (33).In the degenerative theory, as opposed to the disontogenic theory,
This is what happened in one of our cases. This could be due tothe loss of the myocardium is considered to be the consequence of
the effect of heart rate on premature ventricular complexes (33).progressive myocyte death due to some metabolic or ultrastructural
The increase in heart rate during physical stress may decrease thedefect (1). Familial occurrence suggests a genetic disease with autoso-
frequency of premature ventricular complexes. The reversed phe-mal dominant transmission and variable expression and penetrance
nomenon could occur during the recovery phase increasing the risk(18,19,25). The finding of a gene defect localized on chromosome
of ventricular arrhythmia. This is due to the abrupt suppression of14q23-q24 favors a genetically determined atrophy (19).
the sympathetic tone and a major increase in the vagal tone duringIn the inflammatory theory, the fibrofatty replacement is viewed
the recovery phase after effort. Moreover, there is an abruptas a healing process in the setting of chronic myocarditis (1,14,20).
decrease in right ventricular filling that could lead to hypotensionThe disappearance of the right ventricular myocardium might be
by suppression of the pump effect produced by muscular contrac-the consequence of an inflammatory necrotic injury followed by
tions (33).fibrofatty repair. This is not in contrast to a familial occurrence

Although sudden death is frequently the first manifestation ofbecause a genetic predisposition to viral infection eliciting immune
ARVC, the disease is sometimes diagnosed in symptomatic andreaction cannot be excluded (1,14). Genetic factors may play a
even in asymtomatic patients (1). Therefore, questions about therole not only in susceptibility to infections but also in the site
screening and disqualification of athletes have generated consider-of cardiac involvement, namely, the myoepicardium of the right
able debate and stimulated concern among experts in sports medi-ventricle. However, whether the inflammation is a primary event or
cine and the legal profession. Recently, major and minor criteriasecondary to the spontaneous cell death is an unanswered question
for a positive diagnosis of ARVC have been proposed (9). The(1,14).

Finally, it was recently advanced that myocardial cell death in diagnosis of ARVC is fulfilled by the presence of two major criteria
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TABLE 1—Criteria for ARVC.*

Major Criteria Minor Criteria

Structural or Functional Abnormalities Structural or Functional Abnormalities
Severe dilatation and reduction of right ventricular ejection fraction Mild global right ventricular dilatation and/or ejection fraction reduction

with none (or only mild) left ventricular impairment with normal left ventricle
Localized right ventricular aneurysms (akinetic or dyskinetic areas with Regional right ventricular hypokinesis

diastolic bulging) Mild segmental dilatation of the right ventricle
Severe segmental dilatation of the right ventricle Arrhythmias
Tissue Characterization of Walls Left bundle branch block VT (sustained or non sustained on ECG, or
Massive infiltration of right ventricular external layers by fat, with Holter)

presence of surviving strands of cardiomyocytes bordered by or Frequent PVCs (1000/24 hours on Holter)
embedded in fibrosis Conduction Abnormalities

Repolarization Abnormalities Inverted T waves in right precordial leads (V2–3 in people .12 years,
T wave inversion in V1 to V3 or beyond in the absence of RBB
Conduction Abnormalities Late potentials in signal averaged ECG
QRS complex duration .110 msec in V1 or V2 or V3 Family History
RBBB with QRS duration in V1, V2 or V3 50 msec greater than in V6 Familial history of premature sudden death (,35 years) due to
Epsilon Wave suspected ARVC
Family History Familial history (clinical diagnosis based on present criteria)
Familial disease confirmed at necropsy or surgery

* Criteria for diagnosis of ARVC established by the Arrhythmogenic Right Ventricular Dysplasia Registry of the United States. Standardized diagnostic
criteria are based on the presence of major and minor criteria encompassing structural, histological, echocardiographic, arrhythmic and genetic factors.
The diagnosis of ARVC is fulfilled by the presence of 2 major criteria or 1 major criterion plus 2 minor criteria or 4 minor criteria.
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